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218 




A method and apparatus accurately synchronizes a commu- 
nications equipment (101) to a precise 1 PPS signal (229) 
when the remote GPS equipment (112) and the communi- 
cations equipment (101) are separated by a cable (110) of 
unknown length. Accordingly, integrity and precision of the 
1 PPS timing signal is maintained when synchronizing the 
communications system. 

6 Claims, 3 Drawing Sheets 
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1 2 

„ ^ * cimirvnruT of PPS Referring to FIG. 1, a block diagram illustrating how a 

AUTOMATIC ME^SUREM^T OF GPS ^ Qp | may fee used to synchromze a com . 

CABLE DELAY TIME mU nications system to GPS precise time, Le., accurate to the 
BACKGROUND OF THE IISTVENTION nanosecond level, when the remote GPS receiver and the 
BACKGROUND UMHtu communications system are connected by an undetermined 
Global Positioning System (GPS) satellites provide two kng|h of ca51e mG x illustrates GPS satellites 100 which 
time references to determine accurate time referenced to gener ates signals that are received by remote GPS equip- 
either GPS time or Universal Time Coordinated (UTC). GPS meDt m wh ich includes GPS antenna 111 and GPS receiver 
receivers process the received satellite signals to provide a 105 GPS rece iver 105 processes these received GPS signals 
precise 1 pulse-per-second (1 PPS) signal, referenced to ^ among ot her things, provides a 1 pulse per second (1 
either GPS time or UTC. Moreover, various communica- 10 PPS ) timing signal to GPS interface 113. The 1 PPS signal 
tions equipment also require a precise 1 PPS signal, refer- ^ supp iied to communications equipment interface 107 via 
enced to UTC for synchronization. However, when the GPS cable u0 whereby cable 110 has an unknown delay time 
receiver is not in close proximity to the communications asS0 ciated therewith. Communications equipment interface 
system to be synchronized, the use of long cables are ia7> m tam> provides a time synchronization signal 108 to 
necessary to connect the two. However, extending cables communications equipment 101. Typically, cable 11U 
over long lengths causes the system operator to measure the cmiples G PS equipment 112 to communications equipment 
cable length, as well as its corresponding delay time, and 101 where by GPS interface 113 couples to a first end of 
include this measurement into the overall system timing. cablc U0 and provides an interface to GPS receiver 105 
This is typically a manual process and is prone to error of while communications equipment interface 107 couples to a 
operator entry or mis-measurement of cable length. Further, 20 sccond end of ca ble 110 and provides an interface to 
it also adds to the overall installation time, thereby resulting communications equipment 101. 

in a higher installation cost. However, due to cable 110, there is a separation of some 

Referring to U S Pat. No. 4,827,437 and U.S. Pat. No. undefined/unknown distance which may be from a few feet 

4 814 689 techniques for measuring cable delay time are l0 a few thousand feet, between communications equipment 
disclosed ' However, neither of these patents discuss or ^ 101 and remote GPS receiver 105. Accordingly, the present 

sueeest the use of the PPS of a GPS receiver to accurately invention provides a method and apparatus to measure 

synchronize remote equipment. signal propagation delay time that is required to compensate 

y f or the cable delay time and maintain optimum accuracy 

BRIEF DESCRIPTION OF THE DRAWINGS of ^ x pps iim[ng signal that is transferred from 
pic 1 is a detailed block diagram illustrating how a 30 remote GPS receiver 105 to the communications system, 

remote GPS receiver may be used to accurately synchronize In accordance with the present invention commumca- 

a communications system to GPS precise time when the t ions equipment interface 107 and GPS interface 113 are 

remote GPS receiver and the communications system are used to measure the delay time due to the equipment being 
connected by an undetermined length of cable; 35 physically separated via cable 110. Communications eqmp- 

FIG 2 is a detailed block diagram illustrating the com- ment interface 107 includes timer counter 102, ^puUoutpiit 

Donente of a communications equipment interface and a block 103 and microprocessors 104 which are combined to 

LmotcPS re^" r accurately synchronizing the com- measure the delay, provide for cable delay time compensa- 

Zn LSZ system to^JPS precise time in accordance with tion to GPS receiver 105 and to ensure the time synchro- 

FIG. 4 is a flow chart illustrating the steps performed 45 ^ ^ £ time synch ^Lion. 

within the remote GPS receiver for accurately synchronrnng e ^ m ™ q 8 p, G J mQK detailed Wock diagram 

the communications system to GPS precise time in accor- /^^Z^—nic^ equipment interface 

dance with the present invention. ^ wbich r indudes microprocessor 104 and timer counter 

DETAILED DESCRIPTION OF THE DRAWINGS 50 102 ', an d remote GPS equipment 112, which includes GPS 

u • receiver 105 antenna 111 and GPS interface 113 for accu- 
se use of a GPS receiver is a useful .technique for e ™ the commllnicati on S equipment 101 to 
accompiishmg time ^^^S^Ub**^™**^ 
communication systems, such as cel ^ b f e s ' a ^ ons ' ^ show P n in piG. 2 that are identical to components shown m 
ing base stations, network infras ructure and oAer equip ^ ^ numbers 

ment requiring precise time. Tms is prunanl ^"PjJ? Bnefly!interfac 107 initiates a cable delay measurement 

by making use ^^^^^^^ p^ss by appropriately selecting MUX 202 to provide a 

u inherent in the GPS receiver However, ,a _ oroer p jj v r ^ to m ^ 

maintain precise synchronization, if the GPS receiver that ,s riatel ^ via power up Umer 224, to 

providing the 1 PPS synchronizationAiming signal to the interlace iu is appiopu*«=ij ' ' ^ *\ f lh 

link between the two must be accurately kno^n. fm In^op^Ssor 104 m^toi™ » 

length of cable. 
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additional means of compensation. Either of these : alterna wo i f ^ equ i pm ent 112 to comnra- 

sion of the 1 PK» signal wnco appusu w ^ ^ cQ lcd as shown m equation 1. 

equipment 101. v 

Tbe communications equipment interface 107 is coupled n me D elay-(*)x(CountMPeriod of clock) EQN. l 

to GPS interface 113 of remote GPS equipment 1 12 via a Count is the stopped count value of timer counter 102; 

transmit path 210 and a receive path 212 (of cable 110) tor rf fc ^ d of dock 215 supplied t0 
allowing the transmission of the tW^^"^ 10 timer counter 102. 

communications equipment interface 107 to the remote a ^ ^ understood that several timing signals may be sent 

equipment 112 and then the return of the same signal DacK ^ mterface 107 to interface 113 whereby these times may 

to the communication equipment 107. ^ averaged to obtain a raore accurate estimate of the time 

Power is provided to the two blocks via power supply 205 d therebetween, 
which provides power to both communications equipment ^ Q ^ ^ accurate time delay between the two pieces of 

interface 107 via power line 214 and to remote GPS equip- equipme nt have been obtained and the power-up timer 224 

ment 112 via power line 216 and return line 217. Upon ^ Umed ^ ^ x pulse pef secoad signa i 229 from GPS 

power application or some predetermined sequence, the rece i ver 105 may be enabled and sent from remote GPS 

communications equipment interface 107, via the power up cquipmcnt U2 via the path MUX 221, transmitter 219, 
line 214, initiates the microprocessor 104 which m turn ^ through cable line 2 U to receiver 204, and to MUX 236, 

initializes the timer counter 102 through input/output path whcrcby me y pu is C per second signal may be provided as 

238 and enables MUXES 202 and 236 through the enable an ^ through signal ]i m 235. The 1 pulse per second 

line 211 to turn off the serial interface output signal 7 of ^ ^ - s gcnerated as a res ult of receiving the GPS signals 

microprocessor 104 and the 1 PPS signal to communications from ^ s^lUte via antenna Ul followed by processing of 
equipment 101. This disables the communications output ^ lbe received satellite signals GPS receiver 105. Accordingly, 

port and enables the timing signal 8 to be transmitted from ^ accurate time de i ay between this unknown time 

the timer counter block 102 and through MUX 202. deUy induced by cab i e U0 has been ascertained and applied 

Additionally the GPS interface 113 of remote GPS equip- t0 the a PPS signal, by either the application or the GPS 

ment 112 is also performing a power-up condition to allow rece iver 105, the receipt of the 1 PPS signal remains an 
for the loop back of the timing signal. This is accomplished 3Q accurate timing signal for synchronization of equipment 

by the power-up signal line 216 and return signal line 217 m 

which supplies voltage to the remote GPS power supply Referring to FIG. 3 a detailed flowchart illustrating the 

block 225, which, in turn, provides the power for all sleps performed within communication equipment interface 

circuitry within remote GPS equipment 112. In particular, lfj7 for accll rately synchronizing the communications sys- 
power supply line 228 is used to initialize the power-up 3S tem 101 to GPS precise time is shown. First, power-up 

timer 224 thereby starting a predetermined count to allow initialization (334) is performed whereby all internal regis- 

for the timing signal 8 to be returned back to communica- Urs are initialized followed by the starting the measurement 

tions equipment interface 107. In particular, power-up timer timcT colter 102, via signal 8, while also enabling the 

224 enables MUX 220 and 221 through enable line 228 for MUX 202 as illustrated by box 335. This essentially enables 
the duration of the cable measurement to allow for the 40 lhe delay measurement mode of operation, 

loopback and return of the timing signal. This essentially Next? me ^ m ^ g s i gna i is created (336) from the reference 

inhibits the 1 PPS signal from GPS receiver 105 from being clock 2 \5 Sending this timing signal to the remote GPS 

sent to interface 107 until accurate timing information is equipment starts a measurement counter (337) as timed by 

ascertained. Further, timing signal 8 may be sent several lhe system clock period. Each period of the clock increments 
times to GPS equipment 112 to perform averaging by 45 thc counter) ^ represented by step 338. 

appropriately setting the duration of power-up timer 224. ^ syslem constantly checks to see if the timing signal 

Referring back to communications equipment interface has returned (339) whereby if the signal has not returned, the 

107 a clock signal 215 is input to the timer counter 102 to counter continues increment at the rate of the clock 

allow for counting the two-way propagation time of the If the return signal has been received by the counter, the 
limine signal 8. The clock frequency is established to allow 50 counter is stopped and the count is sent to the microproces- 

ffjtaim measurement accuracy and resolution of the sor where it is divided by two and scaled tc 1 the cloc : rate to 

time measurement to recover the delay through the system. compute the time delay, as represented by box 340. Further 

The delay time measured is the complete transit time from if multiple measurements have been taken, the average delay 

timer counter 102, through MUX 202, through transmitter is correspondingly computed. 

203, through communication path 210, into receiver 218, 5S Once the delay measurement is stopped the equipment 

through MUX 220, through loop back path 233, through returns to the normal mode of operation where the 1 is 

MUX 221 through transmitter 219, through communication output. 

p.* 212 into receiver 204, through MUX 236 and returned Referring now to FIG. 4. a detailed flowchart illustrating 
to through signal line 213 to stop the counter of timer the steps performed within remote GPS equipment 112 for 

r "ter 102 60 accurately synchronizing the communications system to 

^wasfSSS: ESSSSsSSlESSS: 

zszsfxssz sr-Tr S£ sex-- » *-* - - — - - 

-SKE— '"iS IS. —."is „ («*> *p»*« .po. 
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the hardware implementation. If the timer has not timed out 
(447), the increment or decrement function is applied and 
the counter continues until timed out. 

After timing out, the delay measurement is stopped, as 
represented by box 448, and the remote GPS equipment 
returns to the normal state, GPS receiver commands, which 
include cable delay compensation, and the precise 1 PPS 
signal are sent to communications interface equipment 107 
for use in accurately synchronizing equipment 101. 

By now it should be apparent that a novel method and 
apparatus has been provided for accurately synchronizing a 
communications equipment to a precise 1 PPS signal when 
the GPS receiver and the communications equipment are 
separated by an unknown length via a cable, RF or fiber link. 
Accordingly, integrity and precision of the 1 PPS timing 
signal is maintained when synchronizing the communica- 
tions system. 

It is to be understood that the phraseology or terminology 
employed herein is for the purpose of description and not 
delimitation. Accordingly, the invention is intended to 
embrace all such alternatives, modifications, equivalents and 
variations as fall within the spirit and broad scope of the 
appended claims. 

We claim: 

1. An apparatus for synchronizing electronic equipment to 
a 1 pulse per second (PPS) signal from a remote Global 
Positioning System (GPS) receiver, said electronic equip- 
ment and said GPS receiver are separated by a finite 
distance, the apparatus comprising: 

a cable of a length of said finite distance: 
a first interface coupled between said electronic equip- 
ment and a first end of said cable, 
a second interface coupled between said GPS receiver and 
a second end of said cable, said second interface 
including a multiplexer for alternately returning an 
incoming signal from said first interface, said cable or 
for providing said 1 PPS signal to said first interface; 
and 

said first interface equipment including a timer for gen- 
erating a timing signal and for measuring a delay of 
said timing signal traveling to said second interface, 
through said cable, said first interface and back to said 
timer of said first interface equipment, said timer fur- 
ther receiving said 1 PPS signal from said GPS receiver 
when said multiplexer of said second interface selects 
said 1 PPS signal whereby said 1 PPS signal is provided 
to said electronic equipment for synchronization and 
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whereby said delay is utilized to maintain precision of 
said 1 PPS signal. 

2. The apparatus of claim 1 wherein said second interface 
includes an additional timer for determining a time that said 
return path is active. 

3. The apparatus of claim 1 wherein said first interface 
includes a microprocessor for determining a time delay of 
signals transferred between said first and second interfaces 
based upon a count of said timer. 

4. A method for synchronizing electronic equipment to a 
1 pulse per second (PPS) signal from a remote Global 
Positioning System, (GPS) equipment, said electronic 
equipment and said GPS equipment are separated by a finite 
distance and connected by a cable, said electronic equipment 
including an electronic equipment interface coupled 
between said electronic equipment and a first end of said 
cable, said GPS equipment including a GPS interface 
coupled between a GPS receiver and a second end of said 
cable, the method comprising the steps of: 

sending a timing signal from said electronic equipment 
interface through said finite distance of said cable to 
said GPS interface; 

activating a return path in said GPS interface such that 
said timing signal may be returned back to said elec- 
tronic equipment interface which sent said timing sig- 
nal via said cable; 

determining by said electronic equipment interface a time 
delay of signals transferred between said GPS 
interface, said electronic equipment interface and said 
cable; 

inactivating said return path after a predetermined time 
period; 

receiving a GPS 1 PPS signal from said GPS receiver; 
transferring said 1 PPS signal from said GPS interface to 
said electronic equipment interface via said cable; and 
providing said 1 PPS signal to said electronic equipment 
whereby said time delay of said 1 PPS signal through 
said cable is considered thereby maintaining precision 
of said 1 PPS signal. 

5. The method of claim 4 further including the step of 
starting a first timer upon sending said timing signal. 

6. The method of claim 4 further including the step of 
starting a second timer to determine a time duration that said 
return path is activated. 
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